Centre, a tertiary hospital that serves a population of 2.4 million in northeast England. Patients aged < 20 and > 90 years of age and those with unruptured, fusiform, dissecting, mycotic, or traumatic aneurysms were excluded. Patients with nonaneurysmal SAH were also excluded. Using patient notes and radiological images, we compared the differences between male and female patients in terms of the following: 1) predisposing risk factors (age, hypertension, smoking, alcohol consumption, and family history of aneurysms/stroke), 2) admission-related factors (World Federation of Neurosurgical Societies [WFNS] grade and admission delay), 3) characteristics of ruptured aneurysms (side, size, location, and multiplicity), and 4) outcomes (treatment modalities [coiling/clipping/both/ conservative], complications [vasospasm and hydrocephalus], length of stay, and modified Rankin Scale [mRS] score at 3 months). Aneurysms were classified as being in 1 of 4 locations: anterior cerebral artery (ACA), internal carotid artery (ICA), middle cerebral artery (MCA), and PC. Vasospasm was defined as neurological deterioration accompanied by the narrowing of blood vessels on angiography. Hydrocephalus was defined as symptomatic ventricular enlargement, seen on a CT scan, that required CSF drainage. The mRS score was determined prospectively from postal questionnaires sent to the surviving patients or their next of kin 3 months after discharge. Using the mRS, patient outcomes at 3 months were categorized as good (mRS Score 0-3) or poor (mRS Score 4-6).
Statistical Analysis
Sex differences with regard to baseline factors (predisposing factors, admission-related factors, and aneurysm characteristics) were analyzed using the Mann-Whitney U-test or the chi-square test, as appropriate. Unknown data were excluded from the final analyses. Univariate analyses with regard to outcome as determined by the mRS scores were conducted for the independent variables mentioned above using the chi-square test for discrete variables and the Mann-Whitney U-test for continuous variables. All variables with a probability value of < 0.20 in the univariate analyses and sex were then candidates in the multivariate logistic regression analysis with "enter selection" of the variables. Odds ratios adjusted for prognostic factors were computed from logistic model coefficients. Significance was determined at an a level of 0.05 for the final multivariate analysis.
Results

Patient Characteristics
In total, 617 patients with aSAH were analyzed (426 women, mean age 55.2 years). The ratios of women to men were constant at approximately 1.2:1 from the 3rd and 4th decades of life but increased to approximately 1.7:1 in the 5th decade, 2.2:1 in the 6th decade, and 3.5:1 in later decades combined (Fig. 1) . The female patients were significantly older than the male patients (mean age 56.6 vs 51.9 years, respectively, p < 0.001), with a higher proportion of women aged ≥ 55 years (56.2% vs 40.4%, respectively, p < 0.001). More male patients had history of stroke/aneurysm in the family (5.6% vs 0.0%, respectively, p < 0.001, Fisher test). Additional data regarding those 5 patients' familial occurrence of stroke/aneurysm were not available. The distributions of other predisposing and admission-related factors were similar between the female and male patients (Table 1 ). In particular, the proportion of women with good WFNS grades (1 and 2) at admission was similar to that of men (76.3% vs 74.3%, respectively, p > 0.05).
Aneurysm Characteristics
Differences in the characteristics of ruptured aneurysms are presented in Table 2 . The female patients had higher rates of bilateral (6.8% vs 2.6%, respectively, p < 0.05), multiple (11.5% vs 5.2%, respectively, p < 0.05), and ICA (36.9% vs 17.5%, respectively, p < 0.001) aneurysms but a lower rate of ACA aneurysms (26.3% vs 44.8%, respectively, p < 0.001) than the male patients. Although the predominant aneurysm location in men was the anterior communicating artery (42.3%), the aneurysms in women were more similarly distributed in 3 most common areas (anterior communicating artery [26.3%] , MCA [22.5%] , and posterior communicating artery [27.3%] ). In both sexes, PC aneurysms contributed less than one-sixth of the total aneurysms. No other differences in the characteristics of the aneurysms were noted.
Outcome Measures
A comparison of the outcome measures between the female and male patients is presented in Table 3 . Most patients (83.5%) received endovascular treatment, and there was no difference between men and women (82.7% vs 83.8%, respectively, p > 0.05). Univariate analyses revealed that women were no more likely than men to have a poor outcome (OR 0.89 [95% CI 0.61-1.32], p = 0.57) ( Table 4 ). In the multivariate analysis, after adjusting for age, length of stay, aneurysm size, WFNS grade, and aneurysm location, the female-to-male odds ratio for poor outcome was 0.71 [95% CI 0.45-1.11], p = 0.13) ( Table 5 ).
There were no significant differences in terms of risk factors in the multivariate analysis between the women and men who had poor outcomes (Table 6) .
Discussion
There is an established increase in aSAH incidence in women in the literature, with studies demonstrating female-to-male ratios ranging from 1.2:1 to 3.1:1. 28, 30, 48 Autopsy studies and those comparing ruptured and unruptured aneurysms have also shown a similar female preponderance, 1, 18, 36, 43, 44, 47 which suggests that the higher aSAH incidence in women reflects a sex difference in prevalence rather than an increased rupture risk per aneurysm. In addition, sex differences in age at presentation and aneurysm multiplicity have also been noted. 9, 24 The reason for these sex discrepancies is unclear. In this and other studies, 1,24 the increased incidence of aSAH in women has been shown to peak during the 5th and 6th decades of life, which correlates with the postmenopausal decline in estrogen level. Because estrogen promotes normal vascular endothelial function, 42 reductions in its levels may weaken vascular wall integrity, 29 leading to increased risk of aneurysm formation; this association has been demonstrated in both animal 19 and human studies.
7,31,34
The influence of estrogen and its postmenopausal decline does not explain the fact that women have more ICA aneurysms and men have more ACA aneurysms, a finding shown here and corroborated by the literature. 24, 28 Instead, a hemodynamic mechanism might be at play; sex-linked variations in the anatomy of and flow dynamics across the circle of Willis have been demonstrated. Horikoshi et al., 16 who studied 131 patients with cerebral aneurysms using MR angiography, demonstrated that anterior communicating artery aneurysms are significantly related to Type A anatomy (no visualization of a unilateral A 1 segment), which is more common in men, whereas ICA aneurysms are associated with Type P anatomy (presence of a fetal type of posterior cerebral artery that was continuously delineated from the ICA through the posterior communicating artery), which is more common in women. 16 In addition, Lindekleiv et al., 27 in a study using computational fluid dynamics, showed that compared with men, women have disproportionately smaller vessel diameters, greater blood flow velocities, and higher wall shear stress at ICA bifurcations, which increases the risk of aneurysm formation.
A meta-analysis by Feigin et al. 12 concluded that environmental factors such as smoking, excess alcohol consumption, and hypertension are the main risk factors for aSAH. We and others 24, 39 have not found any sex differences with regard to these risk factors. Others have suggested that genetic factors may play an important role in aneurysm formation.
2,4,5,25 Despite the significant sex dif- ference in family history of stroke/aneurysm in this study, the small sample size and the lack of additional information preclude any meaningful conclusions. The risk factors for outcome after aSAH include age, clinical condition on admission, and location of the ruptured aneurysm. Our univariate analysis revealed that a shorter length of stay was significantly related to poorer outcome (Table 4) , a finding also shown by Elliot et al.
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Patients with poor outcome may have shorter lengths of stay due to early mortality or redirection of care outside the hospital. We observed no sex differences in the length of stay (Table 3) , and in the patients who had poor outcomes, there was no significant difference in length of stay between the women and men (14.1 ± 2.0 vs 13.3 ± 1.5 days, respectively, p = 0.444) (data not shown). Our multivariate analysis adjusting for significant risk factors revealed no sex difference in the mRS scores at 3 months (Table 5) , and risk factors for poor outcome were balanced between the two sexes (Table 6 ). These findings are in keeping with those of several previous studies on the influence of sex on aSAH outcome, 20, 24 including the large multicenter International Cooperative Study. 23 Regardless, there is a widespread belief that female sex is associated with poor outcome. Pekmezovic et al. 35 found that the annual age-adjusted mortality rates of patients with aSAH are higher in women than in men. Furthermore, women have been linked with higher recurrence rates 46 and lower quality of life after aSAH. 33, 37 The reason why women may have poorer outcomes is unclear. Activation of the sympathetic nervous system is thought to play a major role in the genesis of vasospasm. Lambert et al., 26 in a study measuring the levels of circulating catecholamines in patients with aSAH, demonstrated higher levels of noradrenaline in women than in men. In addition, Rosenłrn et al.
39
showed significantly poorer outcomes for women than for men, with an associated increased vasospasm rate. This may explain the reason why, in our study, in which the rates of vasospasm were similar between men and women, there was no sex difference in the overall outcome (Table  3) .
Knowledge of whether sex may play a role in the outcome of a patient with aSAH is important in calculating the prognosis. In addition, differences in sex with regard to aneurysm location merit further investigations, because they may reveal the pathophysiology of aneurysm formation. Here, we have shown, via multivariate analysis, that women with aSAH generally carry similar risk factors and do not necessarily have poorer outcomes than men. However, our data were collected retrospectively, and many prognostic factors, such as aneurysm size, clot thickness, intraventricular hemorrhage, and rebleeding and seizure rates, were not included in the multivariate analysis because of their unavailability; we admit that these factors may have affected the final outcome if there were any differences in sex with regard to them. In addition, we analyzed those patients with aSAH who were admitted to our department and did not pursue those who had died before reaching the hospital; this exclusion might have affected the estimated prevalence and incidence of aSAH in our population. However, those who did get admitted to our unit were all included in this study. Finally, there were some missing data regarding several variables. We excluded from the multivariate analysis 29 patients for whom the mRS scores at 3 months were unknown. However, the proportions of each sex with missing data were similar; hence, it is unlikely that this exclusion affected the analysis.
Conclusions
In this study, sex differences were present in terms of incidence, certain risk factors, and aneurysm characteristics. Prognostic factors in poor outcome were age, WFNS grade, and aneurysm location, and these factors were balanced between women and men. These results suggest that, despite the sex differences in the characteristics of patients with aSAH, the overall outcomes between women and men are similar.
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